Conceptual models are the core of robust classification schemes (e.g., SNOMED-RT, GALEN) and emerging standards for the exchange of health care information (e.g., HL-7). Conceptual models are defined here as a conceptualization, simplification, or abstraction of reality. Community surveillance activities involve representing information for sharing, and therefore they rely heavily on conceptual models. Conceptual models, either implicit or explicit, act to guide processes of information exchange and as the context for assimilating heterogeneous data. An explicit conceptual model is what guides aggregation of "units of information" and will be an essential component of successful surveillance systems. The Centers for Disease Control and Prevention has labeled conceptual data modeling as "one of the most powerful and effective analytical techniques ever developed for understanding and organizing information required to support any enterprise." There is little formal discussion about what constitutes strong conceptual models or a formal methodology for how they are constructed. This project examined qualitative data from two sources to develop a generalized methodology for constructing conceptual models. Narratives from the literature in various domains are explored, and these data were triangulated with content analysis from a case study. In this case study, domain experts reviewed and commented on a conceptual model designed to represent pediatric asthma knowledge. This triangulation of literature and expert reviews identified a generalized methodology for the construction and evaluation of conceptual models. In addition to the discussion of conceptual model development, this poster presents potential applications of conceptual models for data aggregation and manipulation critical to syndromic surveillance.
The use of "nontraditional" health data, such as school absenteeism and pharmacy sales, is thought to increase the sensitivity and timeliness of warnings from syndromic surveillance systems. A common description scheme for nontraditional data and data sources will greatly increase the utility of such data. Standards such as those proposed in the National Electronic Disease Surveillance System and the Health Level 7 Reference Information Model enable interchange of traditional epidemiological and clinical data. Unfortunately, such standards were not designed to accommodate the needs of nontraditional data and their sources. To meet these needs, we have developed a flexible, extensible ontology (metadata model). Most data standards attempt to preenumerate fields and formats for every needed piece of information. However, it is not yet established which types of nontraditional data and metadata are necessary or useful. In addition, heterogeneity in the format and structure of nontraditional data makes it difficult to construct a single, comprehensive "standard." Instead, our ontology allows users to construct detailed, customized, machine-readable descriptions of data sources, data formats, and relationships between data sources by building them up from simple terms and attributes provided by the ontology. New classes of data or data sources, and individual instances of these classes, can be entered through an open source knowledge acquisition application. In an initial evaluation, we used the ontology to produce a model of output data from a simulated outbreak. We are continuing to validate the ontology as a Syndromic surveillance can only produce meaningful results if there is a common understanding of what observations constitute a syndrome and consequently how a syndrome relates to diseases that may cause those observations. However, the constituent elements of syndromes, such as "flulike illness," are poorly characterized and rarely explicitly defined by surveillance system developers. We describe here a preliminary ontology for the creation of bioterrorism syndrome knowledge bases that will facilitate sharing and comparison of knowledge independent of a particular system or research group. In addition, we have created an inference heuristic problem-solving method that can relate indirect measurements of disease to diseases of interest. Our ontology enables precise enunciation of forms of evidence required to diagnose a syndrome. The ontology contains six major categories: syndrome, syndrome modifier, system affected, sign/symptom, direct supporting evidence, and indirect supporting evidence. We have instantiated the ontology for the syndrome "bioweapon respiratory illness." The inference heuristic can use the elements of this ontology to combine direct measurements into meaningful abstractions. Each sign and symptom has a defined, explicit relationship to supporting direct and indirect evidence, like measured temperature or a patient's chief complaint. Similarly, the presence of a syndrome can only be inferred if illness within requisite body systems can be substantiated by the presence of symptoms. We propose that all developers of syndromic surveillance systems explicitly define their syndrome concepts using a standard ontology. Syndrome definitions can be stored as instantiated knowledge bases in a common central repository, permitting knowledge sharing and reuse. Surveillance of prediagnostic "nontraditional" data sources (e.g., school absenteeism, pharmaceutical sales, emergency medical services calls) is expected to enhance the timeliness of epidemic detection. However, prediagnostic data are not as specific as diagnostic data, so multiple sources must be followed to reduce false-positive detections. Combined analysis of multiple nontraditional data sources requires knowledge about the relationships between data sources, but knowledge of these relationships is often qualitative and uncertain. Statistical methods perform well for focused analyses of quantitative data according to well-defined models. However, statistical models do not readily incorporate qualitative data and can become unwieldy as the number of parameters grows. A knowledge-based approach requires explicit representation of surveillance knowledge and tasks and enables knowledge to be applied to problem solving in a structured manner. Our research approach is to model the tasks involved in public health surveillance and the knowledge required to accomplish these tasks. Based on these models, we identify or develop problem-solving methods (PSMs) that accomplish surveillance tasks. This modular development approach enables controlled evaluation of different PSMs and knowledge representations in terms of epidemic detection and impact on decision making around interventions. Prototype methods have been implemented
